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© A honeycomb panel having a honeycomb core 
interposed (32) between two face plates (28, 30, 61, 
62), and inserts (36, 65) which are exposed to an 
opening (12, 75) formed through the panel. A de- 
sired member is bonded to the panel through the 
inserts and the face plates which are bonded to- 
gether. The inserts are disposed in selected hon- 
eycomb cells (38) of the honeycomb core when the 
honeycomb core is assembled with the face plates, 
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or the inserts are inserted into the selected hon- 
eycomb cells which are open to the opening (12) or 
a preliminary hole (50) formed before the opening is 
cut. Alternatively, the inserts (65) are positioned rela- 
tive to the face plates before the honeycomb core 
members are disposed relative to the inserts. The 
honeycomb panel may be produced by various 
methods disclosed. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 



The present invention relates in general to a 
honeycomb panel and a method of producing the 
honeycomb panel, and more particularly to a hon- 
eycomb panel having an opening in which another 
structural member is fixed, and a method of pro- 
ducing such a honeycomb panel. 

Discussion of the Prior Art 

There is known a brazed aluminum honeycomb 
panel which a honeycomb core is sandwiched be- 
tween and brazed to two face plates. An example 
of such aluminum honeycomb panel is disclosed in 
laid-open Publication No. 64-44268 of unexamined 
Japanese Patent Application and laid-open Publica- 
tion No. 1-143668 of unexamined Japanese Utility 
Model Application. 

Since the aluminum honeycomb panel of the 
type indicated above is comparatively lightweight, 
and has relatively high strength and weldability, 
this honeycomb panel finds applications for auto- 
motive vehicle bodies, body structures for railway 
rolling stock, and architectural structures. 

Some of such aluminum honeycomb panels for 
various structural applications have openings 
formed for windows or doors, or for piping, wiring 
and other purposes. Usually, a suitable member 
such as a frame for supporting a window pane is 
fixed in such openings, by welding or other suitable 
means. In addition to such frame member fixed in 
the openings, another frame member is attached to 
a peripheral portion of the honeycomb panel, 
where the panel is connected to some other struc- 
tural member. 

On the other hand, the face plates and the 
honeycomb core of the aluminum honeycomb pan- 
el have extremely small wall thicknesses, for reduc- 
ing the weight of the panel. Further, a considerable 
portion of the volume of the honeycomb core inter- 
posed between the face plates consists of a void. 
Accordingly, it is very difficult for the solid portion 
of the honeycomb core to provide a sufficiently 
large area for welding thereto the frame member 
disposed in an opening which is defined by the cut 
surfaces of the honeycomb cells. Therefore, the 
honeycomb core does not permit sufficient welding 
strength of the frame member. 

For improving the strength of bonding of the 
frame member to the aluminum honeycomb panel, 
it is considered to provide a reinforcing member 
welded to the outer surfaces of the panel. The 
provision of such reinforcing member is not desir- 
able particularly where the honeycomb panel is 
required to have smooth outer surfaces. The re- 
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inforcing member is undesirable from the stand- 
point of weight reduction of the panel. Thus, the 
honeycomb panel using the reinforcing member for 
welding the frame member cannot be suitably used 

5 for structural members which form a surface of a 
structure, particularly, for body structures for rail- 
way rolling stock and automobiles, which are re- 
quired to have smooth surfaces, for reducing air 
resistance and noises and improved appearance. 

w There are also known honeycomb panels which 

have inserts disposed in the cells of the hon- 
eycomb core, for improving the strength of the 
panel, as disclosed in laid-open Publication Nos. 
64-25514 and 2-25325 of unexamined Japanese 

75 Utility Model and Patent Applications. However, 
these honeycomb panels are not satisfactory, in 
terms of the strength of bonding of a frame mem- 
ber or other structural member to the panel. 

20 SUMMARY OF THE INVENTION 

It is therefore a first object of the present 
invention to provide a honeycomb panel which 
assures sufficient strength of bonding thereto of a 
25 frame member or other structural member. 

A second object of the invention is to provide a 
honeycomb panel suitable for a vehicle body struc- 
ture, which has an opening for a window or other 
purposes, and which assures sufficiently high 
30 strength at a portion around the opening. 

A third object of the invention is to provide a 
method by which a honeycomb panel can be effi- 
ciently or economically produced so as to assure 
sufficient strength of bonding between the panel 
35 and a frame member or other structural member. 

The above first object may be achieved ac- 
cording to a first aspect of the present invention, 
which provides a honeycomb panel including two 
face plates, a honeycomb core interposed between 
40 the two face plates, and inserts disposed in hon- 
eycomb cells of the honeycomb core, at least the 
honeycomb core being bonded to the two face 
plates, the honeycomb panel being characterised 
in that a frame member is positioned in an opening 
45 which is formed through a portion of the hon- 
eycomb panel in the direction of thickness of the 
panel, the opening being generally defined by cut 
surfaces of the honeycomb cells in which the in- 
serts are disposed, the frame member being butt- 
so welded to at least one of the two face plates and to 
the inserts. 

The height dimension of each insert may be 
substantially equal to the thickness of the hon- 
eycomb core. Each insert may be bonded to both 
55 of the two face plates. For example, the opening is 
formed through an inner portion of the panel which 
does not include an outer periphery of the panel. 

Preferably, each insert consist of two horizontal 
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sections bonded to the two face plates, respec- 
tively, and a vertical section connecting the two 
horizontal sections. 

In the honeycomb panel constructed according 
to the first aspect of the invention described above, 
the inserts are disposed in the honeycomb cells 
which are arranged along the periphery of the 
opening in which the frame member is fixed while 
being butt-welded to the face plate or face plates 
and the inserts, so that the honeycomb panel may 
be connected to a third member through the frame 
member. Thus, the strength of bonding of the third 
member to the honeycomb panel is increased, as 
compared with that where the third member is 
bonded to only the thin-walled face plates. Further, 
the frame member is effective to attach the third 
member to the panel at the opening, even where 
the opening is formed in an inner portion of the 
panel, namely, where the opening is enclosed and 
not open to the outside of the panel, as viewed in 
the plane of the panel. 

The first object may also be achieved accord- 
ing to a second aspect of the present invention, 
which provides a honeycomb panel including two 
face plates, a honeycomb core interposed between 
the two face plates, and inserts disposed in hon- 
eycomb cells of the honeycomb core, at least the 
honeycomb core being bonded to the two face 
plates, the honeycomb panel being characterised 
in that the inserts have surfaces which cooperate 
with cut surfaces of the face plates and the hon- 
eycomb cells to define an opening which is formed 
through a portion of the honeycomb panel in the 
direction of thickness of the panel, the surfaces of 
the inserts being substantially aligned with the cut 
surfaces of the face plates, as seen in a direction 
perpendicular to the direction of thickness of the 
panel. 

In the honeycomb panel according to the sec- 
ond aspect of the invention described above, the 
inserts accommodated in the honeycomb cells of 
the honeycomb panel are exposed to the opening 
such that the surfaces of the inserts generally 
defining the periphery of the opening are substan- 
tially aligned with the cut surfaces of the face 
plates also defining the opening, as seen in the 
direction perpendicular to the direction of thickness 
of the panel. Accordingly, a desired third member 
such as a frame member can be easily fixed in the 
opening by bonding the third member to the sub- 
stantially aligned surfaces of the inserts and face 
plates. 

The surfaces of the inserts substantially 
aligned with the cut surfaces of the face plates may 
be cut surfaces obtained by cutting the panel to 
form the opening. Each of the inserts may have a 
channeled shape (such as U- or l-shape) in cross 
section in a plane parallel to the direction of thick- 
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ness of the panel, and have two parallel sections 
which are opposed to each other in the direction of 
thickness and which are bonded to opposed sur- 
faces of the two face plates. This arrangement 

5 permits increased strength of bonding between the 
desired third member and the panel, due to bond- 
ing of the inserts not only to the two face plates but 
also to the third member. 

The first object may also be achieved accord- 

10 ing to a third aspect of the present invention which 
provides a honeycomb panel including two face 
plates and a honeycomb core which is interposed 
between and bonded to the two face plates, the 
honeycomb panel being characterized by compris- 

75 ing: an opening formed through an inner portion of 
the honeycomb panel, in a direction of thickness of 
the panel; inserts inserted in honeycomb cells of 
the honeycomb core which are open to the open- 
ing; and a frame member positioned in the opening 

20 and butt-welded to at least one of the two face 
plates, and to the inserts. 

In the honeycomb panel constructed as de- 
scribed just above, the inserts are inserted in the v 
honeycomb cells which are open to the opening 

25 formed by cutting the inner portion of the hon- 
eycomb panel having a conventional structure. 
Since the frame member is welded to these inserts 
as well as to the face plate or places, the strength 
of bonding of the frame member to the panel is 

30 effectively improved. 

The above first object may also be accom- 
plished according to a fourth aspect of the present 
invention, which provides a honeycomb panel in- 
cluding two face plates and a honeycomb core 

35 which is interposed between and bonded to the two 
face plates, the honeycomb panel being character- 
ized by comprising: an opening formed through an 
inner portion of the honeycomb panel, in a direc- 
tion of thickness of the panel; and inserts inserted 

40 in honeycomb cells of the honeycomb core which 
are open to the opening, each of the inserts having 
a channeled shape in cross section in a plane 
parallel to the direction of thickness of the panel. 
Each insert has end faces which cooperate with 

45 end faces of the face plates to define a periphery 
of the opening, The end faces of each insert are 
substantially aligned with the end faces of the face 
plates, as seen in a direction perpendicular to the 
direction of thickness of the panel. 

so In the honeycomb panel constructed according 

to the above fourth aspect of this invention, each of 
the inserts inserted in the honeycomb cells open to 
the opening has a channeled shape in cross sec- 
tion, such as a U- or l-shape having a bracket-like 

55 groove or grooves, as viewed in the plane parallel 
to the direction of thickness of the panel. Further, 
the end faces of each insert exposed to the open- 
ing are substantially aligned with the end faces of 
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the face plates also exposed to the opening, as 
seen in the direction perpendicular to the direction 
of thickness of the panel. In this arrangement, a 
third member such as a frame member can be 
easily bonded to the inserts and the two face 
plates, with sufficient bonding strength with respect 
to the panel. 

The second object indicated above may be 
achieved according to a fifth aspect of the present 
invention, which provides a honeycomb panel con- 
stituting at least a part of a vehicle body structure, 
having an opening formed through a portion of the 
panel in a direction of thickness of the panel, the 
honeycomb panel comprising: an inner and an out- 
er face plate providing an inner and an outer sur- 
face of the vehicle body structure; a honeycomb 
core interposed between the inner and outer face 
plates plates; inserts interposed between and bon- 
ded to the face plates such that the inserts are 
exposed to the opening; and a frame member fitted 
in the opening for attaching a third member to the 
panel, the frame member including a cylindrical 
portion engaging the opening, and an outward 
flange portion which extends radially outwardly 
from the cylindrical portion, the outward flange 
portion engaging a portion of an inner surface of 
the inner face plate, the portion of the inner surface 
being adjacent to a periphery of the opening, the 
frame member being welded to the outer face plate 
and the inserts. 

In the honeycomb pane! for a vehicle body 
structure constructed according to the fifth aspect 
of the invention described above, the inserts are 
disposed so as to be exposed to the opening, and 
the frame member having the outward flange por- 
tion engaging the outer face plate is bonded to the 
inserts and the inner face plate. Thus, the strength 
of the panel at a portion around the opening is 
increased. 

The third object indicated above may be 
achieved according to a sixth aspect of the present 
invention, which provides a method of producing a 
honeycomb panel, comprising the steps of: (a) 
preparing a non-bonded assembly wherein a hon- 
eycomb core and inserts are interposed between 
two face plates; (b) preparing a bonded assembly 
wherein the honeycomb core is bonded to the two 
face plates; and (c) cutting the bonded assembly to 
form an opening through a thickness of the bonded 
assembly, such that the inserts are exposed to the 
opening so as to generally define a periphery of 
the opening. 

According to the method described above, the 
inserts are first disposed within the honeycomb 
core between the two face plates, and then the 
honeycomb core is bonded to the face plates. The 
thus prepared bonded assembly is cut such that 
the inserts are exposed to the opening. That is, the 
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cut surfaces of the inserts cooperate with the cut 
surfaces of the face plates and the honeycomb 
core to define the opening. This method makes it 
possible to produce the honeycomb panel having 
5 high bonding strength, with a simple modification of 
the conventional fabrication procedure. 

In one preferred form of the present method, 
the inserts are bonded to the two face plates when 
the honeycomb core is bonded to the two face 
70 plates. In another preferred form of the method, the 
step of cutting the bonded assembly to form an 
opening comprises providing a marking on an outer 
surface of one of the two face plates. The marking 
indicates a cutting line along which the inserts are 
75 disposed and the bonded assembly is cut. 

The above preferred forms of the method may 
further comprise a step of positioning a frame 
member in the opening of the bonded assembly 
such that the frame member engages the inserts, 
20 and a step of bonding the frame member to the 
inserts and at least one of the two face plates. In 
this case, the method may further comprise a step 
of bending the bonded assembly to a predeter- 
mined curvature in a plane parallel to a direction of 
25 thickness of the bonded assembly, before the 
frame member is positioned in the opening, and a 
step of bending the frame member to a curvature 
substantially equal to that of the bonded assembly 
before the frame member is positioned in the 
30 opening. 

tn a further preferred form of the present meth- 
od, the step of preparing a non-bonded assembly 
comprises disposing the inserts in selected ones of 
the honeycomb core which are located along a 
35 cutting line along which the bonded assembly is 
cut to form the opening, the bonded assembly 
being cut along the cutting line. 

The third object may also be achieved accord- 
ing to a seventh aspect of the present invention, 
40 which provides a method of producing a honey- 
comb core, comprising the steps of: (a) preparing a 
non-bonded assembly wherein inserts are disposed 
in selected ones of honeycomb cells of a hon- 
eycomb core interposed between two face plates, 
45 the selected honeycomb cells being bisected by a 
predetermined cutting line; (b) preparing a bonded 
assembly wherein at least the honeycomb core is 
bonded to the two face plates; and (c) cutting the 
bonded assembly to remove an unnecessary por- 
50 tion thereof and thereby form an opening through a 
thickness of the bonded assembly. 

In one preferred form of the method according 
to the above aspect of this invention, each of the 
inserts includes two horizontal sections which con- 
55 tact the two face plates, respectively, and a vertical 
section which connects the two horizontal sections. 
In this case, the step of preparing a non-bonded 
assembly comprises positioning the each insert 
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such that the vertical section is located on one side 
of the predetermined cutting line which is remote 
from said unnecessary portion. 

In the present method according to the seventh 
aspect of the invention, the cutting line along which 
the bonded assembly for the honeycomb panel is 
determined when the non-bonded assembly is pre- 
pared. The inserts are disposed in the honeycomb 
cells which are located along or adjacent the pre- 
determined cutting line when the non-bonded as- 
sembly is prepared. The bonded assembly is cut 
along the predetermined cutting line. This arrange- 
ment permits the inserts to be cut together with the 
honeycomb core and the face plates, whereby the 
opening can be formed with high precision, with 
the cut surfaces of the inserts being substantially 
aligned with the cut surfaces of the face plates and 
honeycomb core. Thus, the present method as- 
sures sufficiently high bonding strength of a de- 
sired member to the bonded honeycomb panel 
through the inserts. 

The third object may also be accomplished 
according to an eight aspect of the invention, which 
provides a method of producing a honeycomb pan- 
el, comprising: (a) preparing a bonded assembly 
wherein a honeycomb core and inserts disposed in 
selected ones of honeycomb cells of the hon- 
eycomb core are bonded to at least one of two 
face plates; (b) cutting the bonded assembly to 
form an opening through a thickness of the bonded 
assembly such that the inserts are exposed to the 
opening; and (c) positioning a frame member in the 
opening, and welding the frame member to the 
inserts and at least one of the two face plates. 

In the method according to the above aspect of 
this invention, the inserts are exposed to the open- 
ing which is formed by cutting the bonded assem- 
bly, and the frame member is welded to the inserts 
and the face plate or plates. Since the cut surfaces 
of the inserts are aligned with the cut surfaces of 
the face plates due to the cutting, the frame mem- 
ber can be easily welded to these cut surfaces of 
the inserts and face plate or plates, with sufficiently 
high bonding strength. 

The third object may also be attained accord- 
ing to a ninth aspect of the invention, which pro- 
vides a method of producing a honeycomb panel, 
comprising: (a) preparing a bonded assembly 
wherein a honeycomb core and inserts disposed in 
selected ones of honeycomb cells of the hon- 
eycomb core are bonded to at least one of two 
face plates; (b) cutting the bonded assembly along 
a first cutting line to form a preliminary hole 
through a thickness of the bonded assembly; (c) 
measuring a depth of the selected honeycomb 
cells which are open to the preliminary hole, in a 
direction perpendicular to the cutting line; (d) deter- 
mining a position of a second cutting line parallel to 



the first straight cutting line, based on the mea- 
sured depth of the selected honeycomb cells; and 
(e) cutting the bonded assembly along the second 
cutting line, to thereby expose the inserts. 

5 The above method may further comprises a 

step of determining, based on the determined posi- 
tion of the second cutting line, a position of a third 
cutting line which is adjacent to a periphery of the 
bonded assembly and parallel to the second cut- 

io ting line, and a step of trimming the bonded as- 
sembly along the third straight cutting line. 

In the method according to the above ninth 
aspect of the present invention, the position of the 
second cutting line along which the bonded assem- 

;s bly is cut so as to expose the inserts is determined 
based on the measured depth of the honeycomb 
cells which are open to the preliminary hole formed 
by cutting bonded assembly along the first cutting 
line. This method makes it possible to accurately 

20 determine the position at which the inserts are cut, 
so that the cut surfaces of the inserts accurately 
define the periphery of an opening in which a 
desired member is fixed by bonding to the inserts. " 
The third object may also be achieved accord- 

25 ing to a tenth aspect of this invention, which pro- 
vides a method of producing a honeycomb panel, 
comprising: (a) positioning a channeled member 
having two horizontal sections and a vertical sec- 
tion connecting the two horizontal sections, on a 

30 first portion of a first face plate, such that the first 
portion is divided from a second portion of the first 
face plate by the channeled member; (b) bonding 
the channeled member to the second portion of the- 
first face plate; (c) placing a honeycomb core on 

35 the first portion of the first face plate, and placing a 
second face plate on the channeled member and 
the honeycomb core; (d) bonding the honeycomb 
core to the first and second face plates, to thereby 
prepare a bonded assembly; (e) cutting the bonded 

40 assembly to remove the second portion of the first 
face plate and a corresponding portion of the sec- 
ond face plate, to thereby form an opening through 
a thickness of the bonded assembly, such that the 
channeled member is exposed to the opening; and 

45 (f) positioning a frame member in the opening, and 
welding the frame member to the horizontal sec- 
tions of the channeled member and the first and 
second face plates. 

In the method according to the tenth aspect of 

so the invention, the channeled member and the hon- 
eycomb core are positioned on the first face plate, 
relative to the opening in which the frame member 
is fixed for attaching a desired member to the 
honeycomb panel produced. The channeled mem- 

55 ber is bonded to the first face plate, at the portion 
of the first plate which is to be removed in the 
subsequent cutting step. Thus, the channeled 
member to which the frame member is welded can 
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be disposed exactly at the desired position, where- 
by the frame member can be welded to the chan- 
neled member, with sufficiently high bonding 
strength. 

The third object may also be achieved accord- 5 
ing to an eleventh aspect of the present invention, 
which provides a method of producing a honey- 
comb panel, comprising the steps of: (a) preparing 
a bonded assembly wherein a honeycomb core is 
interposed between and bonded to two face plates; w 

(b) cutting the bonded assembly to form an open- 
ing through a thickness of the bonded assembly; 

(c) inserting inserts in honeycomb cells of the 
honeycomb core which are open to the opening; 

and (d) positioning a frame member in the opening 75 
and welding the frame member to the two face 
plates and the inserts. 

In the method according to the eleventh aspect 
of the invention, a conventional honeycomb panel 
having no inserts is cut, so that the inserts are 20 
inserted in the honeycomb cells which are open to 
opening formed by the cutting. The frame member 
positioned in the opening can be firmly welded to 
the face plates and the inserts. 

The third object may also be achieved accord- 25 
ing to a twelfth aspect of the present invention, 
which , provides a method of producing a honey- 
comb panel, comprising: (a) preparing a bonded 
assembly wherein a honeycomb core is interposed 
between and bonded to two face plates; (b) cutting 30 
the bonded assembly to form a preliminary hole 
through a thickness of the bonded assembly; (c) 
inserting inserts in honeycomb cells of the hon- 
eycomb core which are open to the preliminary 
hole; (d) cutting the bonded assembly to form an 35 
opening which is similar to and larger than the 
preliminary hole, so as to cut the inserts such that 
cut surfaces of the inserts are aligned with cut 
surfaces of the face plates and the honeycomb 
core, as seen in a direction perpendicular to the 40 
direction of thickness of the bonded assembly; and 
(e) positioning a frame member in the opening and 
welding the frame member to the face plates and 
the inserts. 

In the method according to the twelfth aspect 45 
of this invention, the inserts are inserted in the 
honeycomb cells which are open to the preliminary 
hole, and then the opening larger than the prelimi- 
nary hole is cut, whereby the cut surfaces of the 
inserts can be accurately aligned with the cut sur- so 
faces of the face plates and honeycomb core, so 
that the frame member in the opening can be butt- 
welded to the face plates and the inserts. 

In one form of the above method, each of the 
inserts has a first portion held in close contact with 55 
an inner surface of a second portion of each of at 
least one of the two face plates, which second 
portion is adjacent to the opening. The frame mem- 
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ber is welded to the first and second portions of 
each insert and each face plate. 

In the above form of the method, the inserts 
are welded to the inner surface of at least one of 
the two face plates, and are thereby accurately 
positioned. Thus, the frame member welded to the 
inserts can be accurately and easily positioned 
relatively to the inserts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and optional objects, features and 
advantages of the present invention will be better 
understood by reading the following detailed de- 
scription of presently preferred embodiments of the 
invention, when considered in connection with the 
accompanying drawings, in which: 

Fig. 1 is a perspective view of one embodiment 
of a honeycomb panel of the present invention; 
Fig. 2 is a cross sectional view of the hon- 
eycomb panel of Fig. 1; 

Fig. 3 is a perspective view of a vehicle body 
structure honeycomb panels constructed as 
shown in Fig. 1; 

Fig. 4 is a flow chart illustrating a method of 
producing the honeycomb panel of Fig. 1; 
Fig. 5 is a perspective view the configuration of 
an insert used in the honeycomb panel of Fig. 1; 
Fig. 6 is a fragmentary plan view showing a 
honeycomb core with the inserts of Fig. 5 posi- 
tioned in some cells of the honeycomb core, 
during manufacture of the honeycomb panel by 
the method of Fig. 4; 

Figs. 7 and 8 are fragmentary views in cross 
section of an intermediate product prepared by 
the method of Fig. 4; 

Fig. 9 is a fragmentary cross sectional view of 
the honeycomb panel of Fig. 1; 
Fig. 10 is a flow chart illustrating a method of 
producing a honeycomb panel according to a 
second embodiment of this invention; 
Fig. 11 is a fragmentary cross sectional view of 
an intermediate product prepared during manu- 
facture of the honeycomb panel by the method 
of Fig. 10; 

Fig. 12 a fragmentary plan view of a honeycomb 
core with the inserts of Fig. 5 positioned in 
some cells of the honeycomb core, during man- 
ufacture of the honeycomb panel by the method 
of Fig. 10; 

Figs. 13 and 14 are fragmentary cross sectional 
views of an intermediate product prepared by 
the method of Fig. 10; 

Fig. 15 is a fragmentary plan view of a hon- 
eycomb core with the inserts positioned in the 
core, during manufacture of a honeycomb panel 
according to a third embodiment of the present; 
Fig. 16 is a plan view of an intermediate product 
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prepared during manufacture of a honeycomb 
panel according to a fourth embodiment of the 
invention; and 

Fig. 17 is a fragmentary enlarged view in cross 
section of the intermediate product of Fig. 16. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to Figs. 1-9, there will be de- 
scribed in detail a first embodiment of the present 
invention. 

In Figs. 1, 2 and 3, there are shown generally 
10 an aluminum honeycomb panel constructed and 
produced according to the present invention. An 
example of a vehicle body structure using the 
honeycomb panel 10 is shown in Fig. 3. The hon- 
eycomb panel 10, which forms a part of the body 
structure for railway rolling stock, is a generally 
rectangular planar member which is curved over 
the entire height dimension. For example, the hon- 
eycomb panel 10 used for a side framing of the 
vehicle body structure has, at a central portion 
thereof, a circular window opening 12 in which a 
window member such as a glass pane is disposed. 
A plurality of such honeycomb panels 10 are con- 
nected together to form a side framing of the 
vehicle body structure. 

As shown in Fig. 3, a plurality of honeycomb 
panels 10 are connected end to end to each other 
through joint members 14 (Figs. 1 and 2), in the 
longitudinal direction of the vehicle body, so as to 
provide a side panel unit 16. In this specific exam- 
ple of Fig. 3, each side panel unit 16 consists of 
four or five honeycomb panels 10, each of which 
has a wide almost equal to a spacing between the 
window openings 12 of the adjacent panels 10. 
Some of the honeycomb panels 10 of some of the 
side panel units 16 do not have the window open- 
ing 12, The body structure of Fig. 3 also includes a 
plurality of roof panel units 18 each consisting of a 
plurality of honeycomb panels which are similar to 
the honeycomb panel 10 but do not have the 
window opening 12. With the plurality of side panel 
units 16 connected together in the longitudinal di- 
rection of the body structure, there is formed a side 
framing generally indicated at 20 in Fig. 3. Simi- 
larly, a roof framing 22 is formed with the plurality 
of roof panel units 18 connected together. The two 
side framings 16 and the roof framing 22 are fixed 
to each other by means of a pair of parallel cant 
rails 24. Usually, each cant rail 24 extends through 
the upper portion of the corresponding side framing 
20, in the longitudinal direction of the body struc- 
ture. Similarly, a pair of parallel rocker rails 26 are 
provided so as to extend through the lower portions 
of the corresponding side framings 20 in the lon- 
gitudinal direction of the body structure. Between 



the rocker rails 26, there is disposed an under- 
frame 27. Further, two end framings 21 (only one 
end framing shown in Fig, 3) are provided so as to 
close opposite open ends of a generally elongate 
5 hollow structure formed by the side framings 20,- 
roof framing 18, cant and rocker rails 24, 26 and 
underframe 27, Thus, the vehicle body structure is 
formed. 

Referring back to Figs. 1 and 2, each hon- 

w eycomb panel 10 includes two face plates 28, 30, 
and a honeycomb core 32 and four joint members 
14 which are interposed between the inner and 
outer face plates 28, 30. These members 28, 30, 
32, 14 are brazed together into the honeycomb 

75 panel 10. The joint members 14 are disposed 
along four sides of the rectangular periphery of the 
panel 10. The honeycomb panel 10 further includes 
an annular frame member 34 fixed by welding in 
the circular window opening 12, so that the interior 

20 of the frame member 34 may be used as a window 
aperture. The face plates 28, 30, honeycomb core 
32, joint members 14 and frame member 34 are all 
made of an aluminum alloy. The frame member 34 
serves to support a glass pane or other suitable 

25 window material, and has a generally hat-like shape 
in cross section as indicated in Fig. 2. 

A panel unit having a desired size can be 
obtained by welding together two or more hon- 
eycomb panels 10 end to end at the joint members 

30 14. 

Referring next to the flow chart of Fig, 4, there 
will be described a method of producing the alu- 
minum honeycomb panel 10 having the window 
opening 12 as described above. 

35 Initially, step S10 is implemented to prepare 

the face plates 28, 30, honeycomb members for 
the honeycomb core 32, and the joint members 14. 

The face plates 28, 30 and honeycomb mem- 
bers are manufactured in a manner well known in 

40 the art. In this specific example, the face plates 28, 
30 have a thickness of 1mm, and the inner surface 
of each plate 28, 30 on the side of the honeycomb 
core 32 is coated with a clad layer consisting of a 
brazing material. The thickness of the brazing clad 

45 layer is 5% of that of the face plate 28, 30. 

On the other hand, the honeycomb members 
are corrugated members each having a thickness 
of 0.2 mm, and a width of 28mm (as measured in 
the direction of thickness of the honeycomb panel 

so 10). Each corrugated member has clad layers con- 
sisting of a brazing material formed on the opposite 
surfaces. The thickness of each brazing clad layer 
is 5% of that of the corrugated member. Each 
corrugated member has recessed portions so that 

55 the recessed portions of the two adjacent cor- 
rugated members cooperate to define hexagon 
honeycomb cells 38, as shown in Fig. 6 when the 
two adjacent corrugated members are superposed 
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on each other such that the recessed portions of 
the adjacent corrugated members are opposed to 
each other. In the present embodiment, the hexa- 
gon honeycomb cells 38 have a nominal size of 3/4 
inch, which is the diameter of an inscribed circle of 
the hexagon cells 38. 

The joint members 14 are U-shaped in cross 
section, as shown in Fig. 2, and have a thickness of 
2mm, a width of 28mm (as measured in the direc- 
tion of width of the corrugated honeycomb mem- 
bers), and a depth of 15mm as measured in the 
direction of depth of the recess defined by the U- 
shaped walls. 

In addition to the face plates 28, 30, hon- 
eycomb members and joint members 14, there are 
prepared a multiplicity of inserts 36 in step S100. 
These inserts are also made of an aluminum alloy. 

The inserts 36 have a height dimension of 28 
mm, which is equal to the distance between the 
inner surfaces of the face plates 28, 30 of the 
honeycomb panel 10, namely, equal to the thick- 
ness of the honeycomb core 32 (width of the 
corrugated honeycomb members indicated above). 
The inserts 36 are dimensioned so as to be ac- 
commodated in the honeycomb cells 38. While the 
inserts 36 may have various configurations, it is 
desirable that the inserts 36 have a relatively small 
weight, and have welding portions having a rela- 
tively large area which contact the surfaces of the 
face plates 28, 30, for welding of the inserts to the 
face plates 28, 30. Further, the welding portions of 
the inserts 36 desirably have a sufficient thickness 
in the direction of thickness of the honeycomb 
panel 10 (in the direction of height dimension of 
the inserts 36). 

In the present embodiment, the inserts 36 are 
prepared by cutting a U-shaped channeled blank 
as shown in Fig. 5, at a pitch of 13mm indicated at 
L3 in Fig. 5 in the direction of length of the blank. 
More specifically, each insert 36 is a channeled 
member having a U-shaped groove, which includes 
a vertical section 36a having a height L1 of 28mm 
equal to the thickness of the honeycomb core 32 
(distance between the face plates 28, 30), and two 
parallel horizontal sections 36b, 36c extending from 
the opposite ends of the vertical section 36a in the 
direction perpendicular to the vertical section 36a. 
The horizontal sections 36b, 36c have a length L2 
of 13mm as measured normal to the vertical sec- 
tion 36a. The insert 36 has the dimension L3 of 
13mm corresponding to the cutting pitch 13mm, as 
measured in the direction perpendicular to the di- 
mensions L1 and L2, and a wall thickness of 2mm. 
The horizontal sections 36b and 36c serve as the 
welding portions indicated above, and the insert 36 
is positioned in the honeycomb cell 38 such that 
the upper and lower surfaces of the horizontal 
sections 36b, 36c contact the inner surfaces of the 



face plates 28, 30, respectively. In the present 
embodiment, the inserts 36 are prepared by cutting 
the U-shaped channel blank in the form of an 
extruded aluminum alloy member. However, the 

5 inserts may be prepared by machining other forms 
of blanks or by plastic working. Although the in- 
serts 36 are U-shaped in cross section, the inserts 
may take other cross sectional shapes such as I- 
shape and Z-shape. 

70 Step S10 is followed by step S20 in which the 

corrugated honeycomb members are arranged and 
positioned on the face plate 30, so as to form the 
honeycomb core 32, as shown in Fig. 6, and the 
four joint members 14 are positioned also on the 

rs face plate 30, so as to be disposed along the four 
sides of the periphery of the honeycomb core 32. 
Then, the inserts 36 are inserted into the hon- 
eycomb cells 38 which are located adjacent a 
circular cutting line 40 along which the honeycomb 

20 core 32 is subsequently cut in step S50 to form the 
window opening 12 described above. Further, the 
other face plate 28 is superposed, on the hon- 
eycomb core 32. Thus, there is prepared a non- 
brazed assembly in which the inserts 36 are ac- 

25 commodated in the selected honeycomb cells 38 
along the cutting line 40. 

As described above, the annular frame mem- 
ber 34 is fixed in position by welding in the window 
opening 12 which is to be formed by cutting the 

30 honeycomb core 32 (together with the inserts 36 
inserted in the cells 38) along the cutting line 40. 
However, the actual cutting line tends to deviate 
from the nominal cutting line 40, in the radial 
direction of the circular opening 12 to be formed. In 

35 this respect, the inserts 36 should preferably be 
inserted in all the honeycomb cells 38 which are 
bisected by or located near the nominal cutting line 
40 extend. For example, it is desirable to insert the 
inserts 36 in the adjacent honeycomb cells 38 

40 between which the cutting line 40 extends. In this 
case, an array of the inserts 36 arranged along the 
cutting line 40 may include a portion or portions in 
which the inserts 36 are disposed in two rows of 
the cells 38, as indicated in Fig. 6. 

45 The inserts 36 are positioned or oriented in the 

respective honeycomb cells 38 such that the verti- 
cal section 36a of each insert 36 is located radially 
outward of the circular cutting line 40 (circular 
window opening 12 to be formed), or intersects the 

so cutting line 40. In the case where the vertical 
section 36a intersects the cutting line 40, a part of 
the vertical section 36a is located radially outward 
of the line 40. For example, the inserts 36 indicated 
an upper right portion of Fig. 6 are oriented such 

55 that the vertical section 36a (whose thickness is 
indicated by dashed line) has a horizontal attitude, 
while the inserts 36 indicated in a lower left portion 
of Fig. 6 are oriented such that the vertical section 
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36a has a vertical attitude. 

For facilitating the cutting along the cutting line 
40 and indicating the positions of the honeycomb 
cells 38 in which the inserts 36 are accommodated, 
a suitable marking is provided on the outer surface 
of the face plate 30,. This marking is effected by 
using a paint having a highly visible color, and is 
located slightly inside the cutting line 40 in the 
radial direction of the opening 12, so that the 
marking does not appear on the honeycomb panel 
10 prepared, so as to avoid an adverse influence of 
the paint on the subsequent brazing operation. 

Then, step S30 is implemented to heat the 
non-brazed assembly prepared in step S20, to a 
melting point of the brazing materials of the clad 
layers on the face plates 28, 30 and the hon- 
eycomb core 32. As a result, the corrugated hon- 
eycomb members are brazed together into the 
honeycomb core 32, and the honeycomb core 32 
is brazed to the face plates 28, 30 and joint mem- 
bers 14. Further, the joint members 14 are brazed 
to the face plates 28, 30. Also, the horizontal sec- 
tions 36b, 36c of the inserts 36 are brazed to the 
face plates 28, 30. 

Step S30 is followed by step S40 in which the 
brazed assembly obtained in step S30 is subjected 
to a bending operation to give the assembly the 
same curvature as that of the honeycomb panel 10. 

Step S50 is then effected to prepare an inter- 
mediate product 42, by cutting the brazed assem- 
bly along the circular cutting line 40. The thus 
prepared intermediate product 42 has the window 
opening 12 formed through the entire thickness of 
the assembly. 

With the window opening 12 formed in the 
intermediate product 42, the honeycomb cells 38 of 
the core 32 along the cutting line 40 are all ex- 
posed to the opening 12, in the radially inward 
direction of the opening 12, as shown in Fig. 7. In 
almost all of these exposed honeycomb cells 38, 
the inserts 36 which have been partially cut are 
accommodated while being brazed to the inner 
surfaces of the exposed cells 38. The cut surfaces 
of the inserts 36 cooperate with the cut surfaces of 
the face plates 28, 30 to define the periphery of the 
window opening 12. In other words, the cut sur- 
faces of the inserts 36 are substantially aligned 
with the cut surfaces of the face plates 28, 30, as 
seen in a direction perpendicular to the direction of 
thickness of the intermediate product 42. 

The cutting of the brazed assembly in step S50 
may be performed by various known methods us- 
ing a band saw, or utilizing a wire-cut elec- 
trodischarge machining process or a plasma or 
laser cutting process. 

Step S50 is followed by step S60 in which the 
annular aluminum alloy frame member 34 prepared 
in steps S210, S220 and S230 is positioned in the 
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window opening 12 of the intermediate product 42, 
as shown in Fig. 8. Then, step S70 is implemented 
to weld the frame member 34 to the inserts 36 and 
the face plates 28, 30, as also shown in Fig. 8, by^ 

5 way of example. 

In preparing the frame member 34, a blank 
prepared by extrusion for example in step S210 is 
bent to a suitable curvature, cut to a suitable size 
and welded into an annular shape in step S220. 

w The annular shape is then bent in step S230 to the 
curvature of the intermediate product 42 for the 
honeycomb panel 10. Thus, the annular frame 
member 34 is produced. 

The frame member 34 has a hat-like shape in 

15 cross section as shown in Fig. 2. More specifically 
described referring to Fig. 8, the frame member 34 
has a cylindrical portion 44 having a length slightly 
larger than the thickness of the intermediate prod- 
uct 42, and an inward and an outward flange por- 

20 tion 46, 48 which extend radially inwardly and 
outwardly from the opposite ends of the cylindrical 
portion 44. The frame member 34 is inserted into 
the window opening 12 in the direction from the 
inner face plate 30 toward the outer face plate 28, 

25 such that the outward flange portion 48 contacts 
the outer surface of the inner face plate 30 while 
the outer surface of the inward flange portion 46* is 
flush with the outer surface of the outer face plate 
28. In this condition, the upper end of the cylin- 

30 drical portion 44 (outer circumferential surface of 
the inward flange portion 46) is butt-welded to the 
circumferential end face of the face plate 28 and 
the corresponding surfaces of the inserts 36, which 
define the opening 12. Further, the outward flange 

35 48 is fillet-welded to the outer surface of the face 
plate 30. 

For facilitating the welding of the frame mem- 
ber 34 in step S70, the butt-welded portions of the 
frame member 34 and of the inserts 36 are suitably 

40 beveled or V-grooved in steps S50 and S230. 

In the present embodiment, the height dimen- 
sion L1 of the inserts 36 is the same as the 
thickness of the honeycomb core 32 (distance be- 
tween the two face plates 28, 30). However, the 

45 dimension L1 may be smaller than the thickness of 
the honeycomb core 32. In this case, the inserts 36 
are welded to only one of the two face plates 28, 
30. Since the frame member 34 is welded to both 
of the face plates 28, 30 (and to the inserts 36, if 

50 the height dimension of the inserts is almost equal 
to the distance between the face plates 28, 30), the 
inserts 36 need not be welded to both of the face 
plates 28, 30. 

The strength of the intermediate product 42 

55 and therefore the strength of the honeycomb panel 
10 produced are the largest where the inserts 36 
are welded to both of the face plates 28, 30 while 
the frame member 34 are welded to the inserts 36 

9 
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as well as to the face plates 28, 30. However, the 
strength of the honeycomb panel 10 will not be 
significantly reduced even when the inserts 36 are 
welded to only one of the face plates 28, 30. 

The outside diameter of the outward flange 
portion 48 of the annular frame member 34 is 
determined so that at least one honeycomb cell 38 
exits between the outer periphery of the outward 
flange portion 48 and the circumferential end faces 
of the face plates 28, 30 which define the window 
opening 12. This arrangement assures a relatively 
large surface area of overlap of the outward flange 
portion 48 on the honeycomb panel 10, which is 
effective to minimize a possibility of fracture of the 
honeycomb panel 10 at the portion adjacent to the 
window opening 12, when the relevant portion is 
subject to a considerable force acting in the direc- 
tion from the face plate 30 (outward flange portion 
48) toward the face plate 28 (inward flange portion 
46). 

After completion of the welding of the frame 
member 34 in step S70, step S80 is finally imple- 
mented to grind the welded parts of the intermedi- 
ate product 42, as shown in Fig. 9, for improving 
the surface finish of the product 42. Thus, there is 
produced the aluminum honeycomb panel 10 hav- 
ing the frame member 34 which is fixed by welding 
in the window opening 12, as shown in Figs. 1 and 
2. 

In the honeycomb panel 10 produced as de- 
scribed above, the frame member 34 in the window 
opening 12 are welded not only to the relatively 
thin wall of the face plate 28 to which the hon- 
eycomb core 32 is brazed, but also to the thick 
wall of the horizontal section 36b and/or vertical 
section 36a of each insert 36. Further, the inserts 
36 are positioned and fixed by welding in the 
respective honeycomb cells 38, with the horizontal 
sections 36b, 36c having a sufficiently large sur- 
face area at which the inserts 36 are brazed to the 
face plates 28, 30 which provide the exposed sur- 
faces of the honeycomb panel 10. Thus, the hon- 
eycomb panel 10 has a sufficiently high bonding 
strength. 

It is also noted that the inserts 36 are accom- 
modated in almost all of the honeycomb cells 38 
which are exposed to the window opening 12, 
whereby the inserts 36 contribute to an increase in 
the mechanical strength of the panel 10 at the 
window opening 12. Further, this arrangement as- 
sures even welding condition along the entire cir- 
cumference of the opening 12, and facilitates auto- 
matic welding of the frame member 34 to the 
inserts 36 and face plates 28, 30. 

In the present embodiment, the height dimen- 
sion L1 of the U-shaped inserts 36 is substantially 
equal to the thickness of the honeycomb core 32 
(distance between the face plates 28, 30), so that 
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the horizontal sections 36b and 36c are both weld- 
ed to the respective face plates 28, 30. Further, the 
inserts 36 are oriented with respect to the hon- 
eycomb core 32 so that the vertical section 36a is 

5 located radially outward of the window opening 12 
(radially outward of the cutting line 40). According 
to this arrangement, a force acting on the butt- 
welded portions of the honeycomb panel 10 can be 
transmitted also to the face plate 28, whereby the 

70 strength of the panel 10 is increased. 

It is further noted that the surfaces of the 
inserts 36 which are exposed to the window open- 
ing 12 are flush with the circumferential end face of 
the face plate 28 exposed to the opening 12. 

75 Namely, the diameter of a circle defined by the 
exposed surfaces of the inserts 36 is equal to the 
diameter of the circumferential end face of the face 
plates 28 which defines the opening 12. Therefore, 
the annular frame member 34 can be easily welded 

20 to the inserts 36 and the face plate 28, with suffi- 
ciently large welding strength. 

Further, the horizontal sections 36b, 36c of the 
inserts 36 in the form of U-shaped channeled 
members provide a sufficiently large surface area 

25 at which the inserts 36 are brazed to the face 
plates 28, 30. Moreover, the U-shaped inserts 36 
has a smaller weight than a solid bar having the 
same height, which is used for the same purpose. 
The inserts 36 accommodated within the cells 

30 38 of the honeycomb core 32 do not cause protru- 
sions from the outer surfaces of the honeycomb 
panel 10. In. other words, a vehicle body structure 
using the honeycomb panel 10 has smooth outer 
surfaces. 

35 In the method of producing the honeycomb 

panel 10 described above, the inserts 36 are in- 
serted in the appropriate honeycomb cells 38 dur- 
ing assembling of the face plates 28, 30, the cor- 
rugated honeycomb members for the honeycomb 

40 core 32, and the other members. The assembling 
procedure according to the present method is sub- 
stantially the same as that used for a known brazed 
aluminum honeycomb panel. Therefore, the pro- 
duction of the honeycomb panel 10 according to 

45 the present method does not require any substan- 
tive changes in the production equipment and as- 
sembling steps, but has an advantage, i.e., in- 
creased strength of the panel 10 at the window 
opening 12. 

50 In the production method according to the 

present embodiment, the inserts 36 are assembled 
with the corrugated honeycomb members such that 
the inserts 36 are disposed in the honeycomb cells 
38 which are located near or adjacent to the pre- 
ss determined cutting line 40. Subsequently, the as- 
sembly obtained by brazing the components is cut 
along the cutting line 40. According to this proce- 
dure, the cut surfaces of the inserts 36 accurately 

10 
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define the circumferential periphery of the window 
opening 12 formed by the cutting, whereby the 
welding strength of the annular frame member 34 
is accordingly improved and stabilized over the 
entire circumference of the frame member 34. 

In the instant method, the cutting line 40 is 
indicated by a suitable marking on the face plate 
28 (or face plate 30), for cutting the brazed assem- 
bly while exactly following the intended cutting line 
40, whereby the cutting efficiency and accuracy 
are improved. Moreover, the material for the mark- 
ing, such as a paint, does not have an adverse 
influence on the brazing material, since the mark- 
ing is located on a portion of the face plate 28, 30 
which is radially inward of the cutting line 40 and 
which is removed by the cutting. 

In the present embodiment, the frame member 
34 is fixed in the window opening 12 of the hon- 
eycomb panel 10. However, the opening 12 of the 
honeycomb panel 10 may accommodate any 
member (referred to as "third member") other than 
the frame member 34. That is, the frame member 
34 is not essential according to the principle of the 
present invention, provided that the surfaces of the 
inserts 36 exposed to the opening 12 are en- 
gageable with the third member which has specific 
shape and dimensions. In other words, the hon- 
eycomb panel in the form of the intermediate prod- 
uct 42 shown in Fig. 7 is considered as a hon- 
eycomb panel of the present invention, which can 
be used for a body structure. Examples of the third 
member to be fixed in the window opening 12 
include a window frame, a door frame, a frame for 
an inspection lid, and a support member for a 
current collector attached to an outer surface of the 
body structure. Any type of the third member may 
be fixed by welding in the opening 12, as long as 
the third member is shaped and dimensioned so as 
to be at least partially fitted in the suitably shaped 
and dimensioned opening 12 which is defined by 
the exposed surfaces of the inserts 36 and face 
plates 28, 30. Before the third member equivalent 
to the frame member 34 is attached to the hon- 
eycomb panel 42, the third member may be fixed 
to a structure or a structural member other than the 
body structure a part of which is constituted by the 
honeycomb panel 42. Thus, the frame member 34 
may be replaced by any other member desired to 
be fixed to a portion of the honeycomb panel 42 
which defines the opening 12, and the opening 12 
may be suitably configured and sized. 

In the example of the vehicle body structure for 
a railway rolling stock of Fig. 3, the side framings 
20 and the roof framing 22 are constructed by 
using the honeycomb panel 10 described above. 
However, the honeycomb panel 10 can be equally 
suitably used for the end framings 21 and the 
underframe 27. The honeycomb panel 42 for the 
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end framings 21 has an opening for a door, and a 
suitable frame member for the door or a suitable 
support member for bellows or a vestibule dia- 
phragm is fixed in the opening. The frame or 

5 support member can be easily welded to the hon- 
eycomb panel 42 with sufficient strength. The hon- 
eycomb panel 42 for the underframe 27 such as a 
floor board has an opening for an inspection lid or 
a wiring hole, and a suitable frame is fixed in the 

w inspection opening or wiring hole. 

Referring next to Figs. 10-14, there will be 
described a second embodiment of the present 
invention, in which the inserts 36 are disposed in 
the cells 38 of the honeycomb core 32 after the 

/5 face plates 28, 30 and the honeycomb core 32 are 
brazed together, rather than before the face plates 
28, 30, honeycomb core 32 and inserts 36 are 
brazed together as in the first embodiment. 

In Figs. 10-14, the same reference numerals as 

20 used in the first embodiment are used to identify 
the same structural components or functional steps 
as in the first embodiment. In the interest of sim- 
plification, redundant description of these compo- 
nents and steps will not be provided. 

25 In the present embodiment, step S10 in which 

the face plates 28, 30, corrugated honeycomb 
members and joint members 14 are prepared is 
followed by step S320 in which the face plates 28, 
30, and the honeycomb members and joint mem- 

30 bers 14 interposed between the face plates 28, 30 
are assembled and brazed together under heat, to 
produce an intermediate product 49 as shown in 
Fig. 11, which is similar to a known brazed alu- 
minum honeycomb panel. Step S320 corresponds 

35 to steps S20 and S30 of the first embodiment, but 
does not involve the procedure for inserting the 
inserts 36 into the honeycomb core 32. 

In the next step S40, the intermediate product 
49 is bent to the same curvature as that of the 

40 honeycomb panel 10 to be produced. 

Step 40 is followed by step S340 in which the 
intermediate product 49 is cut to form a round 
preliminary hole 50 concentric with the window 
opening 12 to be eventually formed in the hon- 

45 eycomb panel 10, as shown in Figs. 11 and 12. 
The diameter of the preliminary hole 50 is smaller 
by a suitable amount than the diameter of the 
window opening 12. As a result, a multiplicity of the 
honeycomb cells 38 of the intermediate product 49 

so are exposed or open to the preliminary hole 50, 
over the entire circumference of the hole 50. 

Subsequently, step S350 is implemented to 
insert the inserts 36 in selected ones of the hon- 
eycomb cells 38 which are open to the preliminary 

55 hole 50, as indicated in Figs. 12 and 13. The 
inserts 36 are secured to the face plates 28, 30 by 
a suitable adhesive or bonding agent. The inserts 
36 are prepared in step S100 as in the first em- 

11 
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bodiment. The honeycomb cells 38 in which the 
inserts 36 are to be inserted are selected if those 
cells 38 have a sufficiently large depth as viewed in 
the radial direction of the hole 50. While the num- 
ber of the inserts 36 inserted in the cells 38 can be 
suitably determined, it is desirable to maximize the 
number of the inserts 36, preferably at least four 
inserts 36 provided at suitable positions along the 
circumference of the hole 50, in order to assure 
high bonding strength between the frame member 
34 and the honeycomb core 32. More particularly, 
the honeycomb cells 38 in which the inserts 36 are 
inserted are selected if the periphery of the window 
opening 12 to be subsequently formed intersects 
the inserts 36 as disposed in the cells 38. However, 
the radially innermost surface of the inserts 36 
inserted in the appropriate cells 38 need not be 
flush with the periphery of the preliminary hole 50. 

Step S350 is followed by step S50 in which the 
intermediate product 49 is cut to form the window 
opening 12 which has a larger diameter than the 
preliminary hole 50. Namely, the cut surfaces of 
the inserts 36 cooperate with the cut surfaces of 
the face plates 28, 30 and honeycomb core 32 to 
define the opening 12. 

Then, steps S60, S70, S80 are implemented to 
produce the honeycomb panel 10 in which the 
frame member 34 prepared in steps S210, S220 
and S230 is fixed by welding in the opening 12, as 
in the first embodiment. 

Like the method according to the first embodi- 
ment, the method according to the present second 
embodiment assures a sufficiently large area of 
welding of the frame member 34 to the honeycomb 
core panel 10 in the presence of the inserts 36, 
thereby assuring sufficiently high welding strength 
of the frame member 34 to the panel 10. 

With the inserts 36 inserted in the honeycomb 
cells 38 adjacent to the opening 12, not only the 
welding strength of the frame member 34 to the 
panel 10 but also the mechanical strength of the 
panel at its opening 12 can be considerably in- 
creased. Further, the inserts 36 do not deteriorate 
the surface smoothness of the panel 10, as in the 
first embodiment. 

In the present second embodiment, the inserts 
36 are inserted in the appropriate honeycomb cells 
38 which are open to the preliminary hole 50, and 
then the honeycomb panel 49 (intermediate prod- 
uct) is cut to form the opening 12 larger than the 
hole 50 such that the cut surfaces of the inserts 36 
are flush with the cut surfaces of the honeycomb 
core 32 and face plates 28, 30. Accordingly, the 
frame member 34 can be easily fitted in the open- 
ing 12 and fixed by welding (butt-welding) to the 
inserts 36 and face plates 28. 

Although the second embodiment is adapted to 
first form the preliminary hole 50 for inserting the 
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inserts 36 in the cells 38 of the honeycomb core 32 
before the larger window opening 12 is formed, the 
formation of the preliminary hole 50 may be elimi- 
nated. More specifically, the intermediate product 
5 49 is first cut to form the window opening 12, and 
the inserts 36 are inserted in selected one of the 
honeycomb cells 38 which are open to the opening 
12. Subsequently, the inserted inserts 36 are cut 
along the periphery of the opening 12, so that the 

10 cut surfaces of the inserts 36 are flush with the cut 
surfaces of the face plates 28, 30 and honeycomb 
core 32. The frame member 34 is then fixed by 
welding in the opening 12. 

According to the modified method indicated 

15 just above, the inserts 36 may protrude from the 
cut surfaces of the face plates 28, 30 and hon- 
eycomb core 32 in the radial direction of the open- 
ing 12, so that the frame member 34 is welded to 
the radially innermost surfaces of the inserts 36. 

20 Referring to Fig. 15, there will be described a 

third embodiment of the present invention in which 
the honeycomb panel 10 is provided with an open- 
ing such as a rectangular opening, whose profile 
includes a straight portion. In this embodiment, the 

25 insert 36 are inserted in the selected honeycomb 
cells 38 as shown in Fig. 15, during assembling of 
the face plates 28, 30, corrugated honeycomb 
members and joint members 14 as in step S20 of 
the first embodiment. 

30 In Fig. 15, reference numeral 52a denotes a 

nominal straight cutting line for the window opening 
12, which cutting line extends in the transverse 
direction (horizontal direction in Fig. 15) of the 
honeycomb panel to be produced, which is per- 

35 pendicular to the direction of extension (vertical 
direction in Fig. 15) of each corrugated honeycomb 
member. If an actual cutting line 52b deviates from 
the nominal cutting line 52a in the longitudinal 
direction (vertical direction in Fig. 15), the actual 

40 cutting line 52b does not intersect any portions of 
the inserts 36 or intersects an end portion of the 
horizontal section 36b, 36c of the inserts 36. In the 
former case, the inserts 36 do not function to 
support the frame member 34. In the latter case, 

45 the area of contact of the inserts 36 with the face 
plate 28 is extremely small and is not sufficient for 
welding the frame member 34 to the honeycomb 
panel. Thus, the frame member 34 cannot be weld- 
ed with sufficient welding strength, because the 

50 actual cutting line 52b is considerably deviated 
from the nominal cutting line 52a. 

In the specific example of Fig. 15, the inserts 
36 are arranged in a zigzag manner along a nomi- 
nal straight cutting line 54 which extends in the 

55 longitudinal direction of the honeycomb panel. 
Therefore, at least every other inserts 36 in the 
zigzag row along the straight cutting line 54 are 
bisected at their horizontal sections 36b, 36c by 

12 
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the actual cutting line, even if the actual cutting line 
deviates from the nominal straight portion 54 in the 
transverse direction. However, it is desirable that 
the horizontal sections 36b, 36c of almost all the 
inserts 36 along the cutting line 54 be bisected by 
the actual cutting line. 

It is therefore desirable to actually cut the 
horizontal sections 36b, 36c of the inserts 36 fol- 
lowing the transverse and longitudinal straight por- 
tions of the nominal cutting line. The present third 
embodiment will be described with respect to the 
cutting line 52a, by way of example. In this exam- 
ple, the honeycomb panel is cut along the nominal 
cutting line 52a, so that the lower halves of the 
horizontal sections 36b, 36c of the inserts 36 ar- 
ranged along the nominal cutting lien 52a are cut 
off, as indicated in Fig. 15. 

Initially, the brazed assembly obtain in step 
S30 of Fig. 4 is cut to form a preliminary rectangu- 
lar hole 56 in a portion of the assembly which is 
inward of the nominal cutting lines 52a, 54 and 
which is eventually removed to form the window 
opening 12. A cutting line 58 corresponding to the 
upper side of the rectangular hole 56 as viewed in 
Fig. 15 is positioned such that at least one row of 
honeycomb cells 38 is interposed between this 
cutting line 58 and the transverse cutting line 52a 
for the opening 12. 

After the preliminary rectangular hole 56 is 
formed, a depth Ls of the honeycomb cells 38 
which are open to the hole 56 is measured by a 
suitable measuring instrument, which may be a 
caliper having triangular legs that are inserted in 
the open cells 38 for measuring the depth Ls. 
Based on the measured depth Ls of the open cells 
38, the position of the nominal cutting line 52a is 
determined, and the horizontal sections 36b, 36c of 
the inserts 36 are actually cut along the cutting line 
52a. 

According to the present method, the distance 
between the cutting line 52a and the edge of the 
honeycomb panel 10 parallel to the cutting line 52a 
varies depending upon the position of the prelimi- 
nary hole 56, more precisely, depending upon the 
position of the cutting line 58 for the hole 56. 
Therefore, the outer peripheral portion of the panel 
10 must be trimmed to have the opening 12 posi- 
tioned at the desired position with the desired 
distance to the edge of the panel 10 parallel to the 
cutting line 52a. 

The method of determining the position of the 
cutting line 52a described above is applicable to 
the the straight cutting line 54 which extends in the 
longitudinal direction of the honeycomb panel. 

The present method permits accurate align- 
ment of the inserts 36 with the frame member 34, 
which makes it possible to form the outward flange 
portion 48 of the frame member 34 such that the 



outer circumferential edge of the flange portion 48 
is substantially aligned with the horizontal section 
36c of the inserts 36, so that the outward flange 
portion 48 can be welded to the horizontal section 

s 36c through the face plate 30. 

In the first and third embodiments of Figs. 1-9 
and 15, the honeycomb panel has a circular or 
generally rectangular window opening 12. However, 
the principle of the present invention is applicable 

w to a honeycomb panel having a semicircular or 
rectangular cutout which is open at one of the four 
sides of the panel. In this case, too, the inserts 36 
are inserted in the selected honeycomb cells 38 
along the profile of the cutout, and a suitable frame 

15 member is fixed in the cutout so that a suitable 
member is supported by the frame member or the 
honeycomb panel is connected through the frame 
member to another member or structure. 

A fourth embodiment of the present invention 

20 will be described, by reference to Figs. 16 and 17. 

In this fourth embodiment of Figs. 16 and 17, a 
rectangular frame-like insert 65 is disposed be- 
tween two face plates 61, 62, such that the four 
sides of the rectangle of the insert 65 are aligned 

25 with a predetermined cutting line 76. Fig. 16 is a 
plan view showing an intermediate product in which 
the frame-like insert 65 is positioned on the face 
plate 61 in a predetermined relation with the cutting 
line 76. Fig. 17 is a fragmentary cross sectional 

30 view of a part of a completed honeycomb panel, 
showing the other face plate 62, a honeycomb core 
32, and a frame member 70 located adjacent and 
inside the insert 65, as described below in detail s 
The honeycomb panel constructed and pro- 

35 duced according to the fourth embodiment is suit- 
ably used for an outer wall panel for an architec- 
tural or building structure, which has a rectangular 
window opening 75 as shown in Fig. 17. The rec- 
tangular frame-like insert 65 consists of four side 

40 portions 65U, 65D, 65L and 65R corresponding to 
the upper, bottom, left and right sides of the win- 
dow opening 75, as shown in Fig. 16. The four side 
portions 65U, 65D, 65L, 65R are welded at their 
ends to form the insert 65 in the form of an integral 

45 rectangular frame. However, the side portions 65U, 
65D, 65L and 65R can be considered to be individ- 
ual inserts. Each side portion 65U, 65D, 65L, 65R 
is formed from a U-shaped channeled member, 
consisting of a vertical section 65a and two hori- 

so zontal sections 65b and 65c, as indicated in Fig. 
17. The insert 65 is positioned such that the verti- 
cal section 65a of each side portion is located 
outward of the rectangular cutting line 76, namely, 
on the side of the cutting line 76 remote from the 

55 window opening 75 to be formed. 

The frame member 70 fixed in the opening 75 
is a rectangular frame member having four sides 
corresponding to the four side portions 65U, 65D, 

13 
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65L and 65R of the frame-like insert 65. The frame 
member 70 is also U-shaped in cross section hav- 
ing two horizontal sections. The frame member 70 
is positioned such that the two horizontal sections 
are welded at their end faces to the end faces of 
the corresponding horizontal sections 65b, 65c of 
the insert 65 and the end faces of the two face 
plates 61, 62, as shown in Fig. 17. The frame 
member 70 cooperates with the frame-like insert 65 
to define a rectangular hollow space therebetween. 

There will be described a procedure for pro- 
ducing the honeycomb panel of Fig. 17. Initially, 
the rectangular frame-like insert 65 is positioned on 
the face plate 61, in aligned relationship with the 
cutting line 76. The insert 65 is tentatively welded 
to the face plate 61, at their portions inside the 
rectangle of the cutting line 76. Then, the cor- 
rugated honeycomb members for the honeycomb 
core 32 are disposed around the insert 65, and the 
joint members are positioned along the four outer 
sides of the honeycomb core 32 formed by the 
corrugated honeycomb members. The corrugated 
honeycomb members and the joint members are 
similar to those used in the first embodiment. Sub- 
sequently, the face plate 62 is placed on the hon- 
eycomb core 32 and the insert 65, so as to form a 
non-brazed assembly. In the same manner as in 
the first embodiment, this assembly is then heated 
to produce a brazed assembly in which the face 
plates 61, 62, honeycomb core 32, insert 65 and 
joint members are brazed together. Further, the 
brazed assembly is cut along the cutting line 76 to 
form the window opening 75, and the frame mem- 
ber 70 is inserted in the opening 75 and fixed 
therein by welding. Thus, the honeycomb panel is 
produced. 

According to the above method, the insert 65 
can be readily positioned relative to the opening 75 
to be formed. Further, the present method saves 
the material of the honeycomb core 32, since the 
corrugated honeycomb member for the honey- 
comb core 32 are not disposed inside the rectan- 
gular insert 65. Since the frame member 70 to be 
welded to the insert 65 have a large thickness at its 
welded portion, an automatic MIG (metal insert 
gas) welding technique can be easily employed for 
welding the frame member 70. 

The face plates 61, 62 may be formed with 
rectangular openings corresponding to the cutting 
line 76, before these plates are assembled. 

While the present invention has been de- 
scribed in its presently preferred embodiments, it 
is to be understood that the invention is not limited 
to the details of the illustrated embodiments, but 
may be embodied with various changes, modifica- 
tions and improvements, which may occur to those 
skilled in the art, in the light of the foregoing 
teachings. 
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For example, the configuration and number of 
the inserts inserted in the honeycomb cells 38 are 
not limited to those in the illustrated embodiments, 
but may be suitably changed depending upon the 

5 required strength of the honeycomb panel, the size 
of the honeycomb cells 38, and other parameters. 

Further, different types of inserts having dif- 
ferent shapes and sizes may be used, provided 
that the inserts as inserted in the honeycomb cells 

70 38 partially contact the face plates. 

The inserts may be l-shaped in cross section. 
In this case, however, cares should be taken to 
avoid cutting the inserts at their vertical section. 
The inserts may take the form of a prism, such as 

15 a hexagonal bar whose cross sectional profile is 
almost aligned with the hexagonal shape of the 
honeycomb cells 38. Such a hexagonal bar-like 
insert may be brazed at its six faces to the cor- 
responding faces of the honeycomb cells 38. In 

20 this case, The insert has a considerably increased 
welding strength owing to an increased area of 
contact between the insert and the honeycomb cell 
wall. 

The removal in step S80 of the weld beads 
25 from the face plates is not essential, since the 
volume of such beads between the frame member 
and the face plates is relatively small. 

In the illustrated embodiments, a brazing pro- 
cess is employed for welding the face plates, hon- 
30 eycomb core, inserts, etc. However, various other 
metallic bonding processes such as resistance 
welding and diffusion bonding techniques may be 
employed for bonding the metallic components to- 
gether. 

35 Where it is desired to have high surface 

smoothness at the outer peripheral portion and/or 
window opening portion of the honeycomb panel, it 
is advisable that the frame member having the 
height dimension substantially equal to the thick- 

40 ness of the honeycomb panel is butt-welded at 
their opposite ends (as seen in the height direction) 
to the inserts and the face plates, and the welded 
portions are suitably surface-finished to the desired 
smoothness. 

45 The honeycomb panel constructed and pro- 

duced according to the present invention are suit- 
ably used as various structural members for auto- 
mobiles bodies and architectural or building struc- 
tures, as well as for body structures for railway 

so rolling stock. In particular, the present honeycomb 
panel is suitable and widely available for such 
structural members which have openings or holes 
formed therethrough for windows or doors, or for 
piping, wiring, inspecting and other purposes. 

55 It will be apparent to those skilled in the art that 

various other changes, modifications and improve- 
ments may be made in the invention, without de- 
parting from the spirit of the invention, and it is to 

14 
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be understood that such changes, modifications 
and improvements are construed to fall within the 
scope of the invention. 

While the honeycomb core 32 used in the 
illustrated embodiments has hexagonal cells 38, 
the honeycomb core interposed between the face 
plates is not limited to the one in the illustrated 
embodiments. For instance, the honeycomb core 
may have square or substantially triangular cells. 
The honeycomb core having square cells may be 
comparatively easily fabricated, while the honey- 
comb core having substantially triangular cells is 
suitably used for producing a honeycomb panel 
having a part-spherical shape. Various configura- 
tions of the cells of the honeycomb core are illus- 
trated in "LIGHT METALS (KEIKIN 20KU in Japa- 
nese)", 1900, vol. 40, No. 5, P394. The term 
"honeycomb cells" used herein is interpreted to 
mean cells having any desired shapes such as 
square and triangle as well as hexagon. The term 
"honeycomb panel" is interpreted to mean a panel 
which at least includes two face plates, a hon- 
eycomb core connecting the two face plates, and 
at least one insert interposed between the two face 
plates and fixed to the face plates and the hon- 
eycomb core. Usually, the honeycomb core con- 
sists of a plurality of strips which cooperate with 
each other to define the honeycomb cells. The 
strips are assembled so as to extend generally in 
the direction substantially perpendicular to the 
planes of the face plates. 

As discussed hereinbefore, the honeycomb 
panel constructed and produced according to the 
present invention has at least one insert disposed 
along an opening in which a third member such as 
a frame member is fixed such that the third mem- 
ber is bonded to the insert or inserts and the face 
plates. The provision of the insert(s) assures a 
sufficiently large area of bonding of the third mem- 
ber to the honeycomb panel, which assures suffi- 
ciently high strength of bonding between the third 
member and the honeycomb panel. 

Further, the inserts for strong bonding of the 
third member to the honeycomb panel can be 
easily disposed in the cells of the honeycomb core 
during or after assembling of the honeycomb pan- 
el, without a cumbersome procedure. Thus, the 
present invention permits efficient and economical 
production of the honeycomb panel. 

Therefore, the honeycomb panel according to 
the present invention can be suitably used for a 
vehicle body structure, for example, which has a 
window opening and which requires high mechani- 
cal strength at the opening. A honeycomb panel 
having a honeycomb core interposed (32) between 
two face plates (28, 30, 61, 62), and inserts (36, 65) 
which are exposed to an opening (12, 75) formed 
through the panel. A desired member is bonded to 



the panel through the inserts and the face plates 
which are bonded together. The inserts are dis- 
posed in selected honeycomb cells (38) of the 
honeycomb core when the honeycomb core is as-. 

5 sembled with the face plates, or the inserts are 
inserted into the selected honeycomb cells which 
are open to the opening (12) or a preliminary hole 
(50) formed before the opening is cut. Alternatively, 
the inserts (65) are positioned relative to the face 

w plates before the honeycomb core members are 
disposed relative to the inserts. The honeycomb 
panel may be produced by various methods dis- 
closed. 

75 Claims 

1. A honeycomb panel including two face plates 
(28, 30, 61, 62), a honeycomb core (32) inter- 
posed between the two face plates, and inserts 

20 (36, 65) disposed in honeycomb cells (38) of 

said honeycomb core, at least said honeycomb 
core being bonded to said two face plates, 
characterised in that: 

a frame member (34, 70) is positioned in 

25 an opening (12, 75) which is formed through a 

portion of the honeycomb panel in the direc- 
tion of thickness of the panel, said opening 
being generally defined by cut surfaces of the 
honeycomb cells (38) in which said inserts are 

30 disposed, said frame member being butt-weld- 

ed to at least one of said two face plates and 
to said inserts. 

2. A honeycomb panel according to claim r1, 
35 wherein each of said inserts (36, 65) has a 

height dimension (L1) substantially equal to a 
thickness of said honeycomb core (36). 

3. A honeycomb panel according to claim 1 or 2, 
40 wherein each of said inserts (36, 65) is bonded 

to both of said two face plates (28, 30, 61 , 62). 

4. A honeycomb panel according to any one of 
claims 1-3, wherein said opening (12, 75) is 

45 formed through an inner portion of the panel 

which does not include an outer periphery of 
the panel. 

5. A honeycomb panel according to any one of 
so claims 1-4, wherein each, of said inserts (36, 

65) consists of two horizontal sections (36b, 
36c, 65b, 65c) bonded to said two face plates 
(28, 30, 61, 62), respectively, and a vertical 
section (36a, 65a) connecting said two horizon- 
55 tal sections. 

6. A honeycomb panel including two face plates 
(28, 30, 61, 62), a honeycomb core (32) inter- 
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posed between the two face plates, and inserts 
(36, 65) disposed in honeycomb cells (38) of 
said honeycomb core, at least said honeycomb 
core being bonded to said two face plates, 
characterised in that: 5 

said inserts (36, 65) have surfaces which 
cooperate with cut surfaces of said face plates 
(28, 30, 61, 62) and said honeycomb cells (38) 
to define an opening (12, 75) which is formed 
through a portion of the honeycomb panel in w 
the direction of thickness of the panel, said 
surfaces of said inserts being substantially 
aligned with said cut surfaces of said face 
plates, as seen in a direction perpendicular to 
said direction of thickness of the panel. 75 

7. A honeycomb panel according to claim 6, 
wherein said inserts have cut surfaces sub- 
stantially aligned with said cut surfaces of said 
face plates, and each of said inserts has a 20 
channeled shape in cross section in a plane 
parallel to said direction of thickness of said 
panel, said each insert having two parallel sec- 
tions which are opposed to each other in said 
direction of thickness and which are bonded to 25 
opposed surfaces of said two face plates. 

8. A honeycomb panel including two face plates 
(28, 30, 61, 62) and a honeycomb core (32) 
which is interposed between and bonded to 30 
the two face plates, characterized by compris- 
ing: 

an opening (12, 75) formed through an 
inner portion of the honeycomb panel, in a 
direction of thickness of the panel; 35 

inserts (36, 65) inserted in honeycomb 
cells (38) of said honeycomb core (32) which 
are open to said opening; and 

a frame member (36, 65) positioned in 
said opening and butt-welded to at least one of 40 
said two face plates, and to said inserts. 

9. A honeycomb panel including two face plates 
(28, 30, 61, 62) and a honeycomb core (32) 
which is interposed between and bonded to 45 
the two face plates, characterized by compris- 
ing: 

an opening (12, 75) formed through an 
inner portion of the honeycomb panel, in a 
direction of thickness of the panel; and so 

inserts (36, 65) inserted in honeycomb 
cells (38) of said honeycomb core (32) which 
are open to said opening, each of said inserts 
having a channeled shape in cross section in a 
plane parallel to said direction of thickness of 55 
the panel, said each insert having end faces 
which cooperate with end faces of said face 
plates (28, 30, 61, 62) to define a periphery of 
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said opening, said end faces of said each 
insert being substantially aligned with said end 
faces of the face plates, as seen in a direction 
perpendicular to said direction of thickness of 
the panel. 

10. A honeycomb panel constituting at least a part 
of a vehicle body structure, having an opening 
(12) formed through a portion of the panel in a 
direction of thickness of the panel, charac- 
terised by comprising: 

an inner and an outer face plate (28, 30) 
providing an inner and an outer surface of said 
vehicle body structure, respectively; 

a honeycomb core (32) interposed be- 
tween said inner and outer face plates plates; 

inserts (36) interposed between and bon- 
ded to said face plates such that said inserts 
are exposed to said opening; and 

a frame member (34) fitted in said opening 
(12) for attaching a third member to said panel, 
said frame member including a cylindrical por- 
tion (44) engaging said opening, and an out- 
ward flange portion (48) which extends radially 
outwardly from said cylindrical portion, said 
outward flange portion engaging a portion of 
an outer surface of said outer face plate (30), 
said portion of said outer surface being adja- 
cent to a periphery of said opening, said frame 
member being welded to said inner face plate 
(28) and said inserts (36). 

11. A method of producing a honeycomb panel, 
comprising the steps of: 

preparing a non-bonded assembly wherein 
a honeycomb core (32) and inserts (36, 65) are 
interposed between two face plates (28, 30, 61, 
62); 

preparing a bonded assembly wherein said 
honeycomb core is bonded to said two face 
plates; and 

cutting said bonded assembly to form an 
opening (12, 75) through a thickness of the 
bonded assembly, such that said inserts are 
exposed to said opening so as to generally 
define a periphery of said opening. 

12. A method according to claim 11, wherein said 
inserts (36, 65) are bonded to said two face 
plates when said honeycomb core (32) is bon- 
ded to said two face plates. 

13. A method according to claim 11, wherein said 
step of cutting said bonded assembly to form 
an opening comprises providing a marking on 
an outer surface of one of said two face plates 
(28, 30, 61, 62), said marking indicating a 
cutting line (40, 76) along which said inserts 
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are disposed and said bonded assembly is cut. 

14. A method according to claim 12, further com- 
prising a step of positioning a frame member 

(34, 70) in said opening (12, 75) of said bon- 5 
ded assembly such that said frame member 
engages said inserts (36, 65), and a step of 
bonding said frame member to said inserts 
and at least one of said two face plates. 

70 

15. A method according to claim 14, further com- 
prising a step of bending said bonded assem- 
bly to a predetermined curvature in a plane 
parallel to a direction of thickness of said bon- 
ded assembly, before said frame member is is 
positioned in said opening, and a step of bend- 
ing said frame member (34, 70) to a curvature 
substantially equal to that of said bonded as- 
sembly before said frame member is posi- 
tioned in said opening. 20 

16. A method according to claim 12, wherein said 
step of preparing a non-bonded assembly 
comprises disposing said inserts (36) in se- 
lected ones of said honeycomb core (32) 25 
which are located along a line along which said 
bonded assembly is cut to form said opening 
(12), said bonded assembly being cut along 

said line. 

30 

17. A method of producing a honeycomb core, 
comprising the steps of: 

preparing a non-bonded assembly wherein 
inserts (36) are disposed in selected ones of 
honeycomb cells (38) of a honeycomb core 35 
(32) interposed between two face plates (28, 
30), said selected honeycomb cells being bi- 
sected by a predetermined cutting line (40); 

preparing a bonded assembly wherein at 
least said honeycomb core is bonded to said 40 
two face plates; and 

cutting said bonded assembly to remove 
an unnecessary portion thereof and thereby 
form an opening (12) through a thickness of 
said bonded assembly. 45 

18. A method according to claim 17, wherein each 
of said inserts (36) includes two horizontal sec- 
tions (36b, 36c) which contact said two face 
plates (28, 30), respectively, and a vertical 50 
section (36a) which connects said two horizon- 
tal sections, said step of preparing a non- 
bonded assembly comprising positioning said 
each insert such that said vertical section (36a) 

is located on one side of said predetermined 55 
cutting line (40) which is remote from said 
unnecessary portion. 



429 A1 




19. A method of producing a honeycomb panel, 
comprising: 

preparing a bonded assembly wherein a 
honeycomb core (32) and inserts (36) dispos- 
ed in selected ones of honeycomb cells (38) of 
said honeycomb core are bonded to at least 
one of two face plates (28, 30); 

cutting said bonded assembly to form an 
opening (12) through a thickness of said bon- 
ded assembly such that said inserts are ex- 
posed to said opening; and 

positioning a frame member (34) in said 
opening, and welding said frame member to 
said inserts and at least one of said two face 
plates. 

20. A method of producing a honeycomb panel, 
comprising: 

preparing a bonded assembly wherein a 
honeycomb core (32) and inserts (36) dispos- 
ed in selected ones of honeycomb cells (38) of 
said honeycomb core are bonded to at least 
one of two face plates (28, 30); 

cutting said bonded assembly along a first 
cutting line (58) to form a preliminary hole (50) 
through a thickness of said bonded assembly; 

measuring a depth of said selected hon- 
eycomb cells (38) which are open to said 
preliminary hole, in a direction perpendicular to 
said cutting line; 

determining a position of a second cutting 
line (52a) parallel to said first straight cutting 
line, based on the measured depth of said 
selected honeycomb cells; and -~z 

cutting said bonded assembly along said 
second cutting line, to thereby expose said 
inserts. 

21. A method according to claim 20, further com- 
prising a step of determining, based on the 
determined position of said second cutting line, 
a position of a third cutting line which is adja- 
cent to a periphery of said bonded assembly 
and parallel to said second cutting line, and a 
step of trimming said bonded assembly along 
said third straight cutting line. 

22. A method of producing a honeycomb panel, 
comprising: 

positioning a channeled member (65) hav- 
ing two horizontal sections (65b, 65c) and a 
vertical section (65a) connecting said two hori- 
zontal sections, on a first portion of a first face 
plate (61), such that said first portion is divided 
from a second portion of said first face plate 
by said channeled member; 

bonding said channeled member to said 
second portion of said first face plate; 
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placing a honeycomb core (32) on said 
first portion of said first face plate, and placing 
a second face plate (62) on said channeled 
member and said honeycomb core; 

bonding said honeycomb core to said first 
and second face plates, to thereby prepare a 
bonded assembly; 

cutting said bonded assembly to remove 
said second portion of said first face plate and 
a corresponding portion of said second face 
plate, to thereby form an opening (75) through 
a thickness of said bonded assembly, such 
that said channeled member is exposed to 
said opening; and 

positioning a frame member (70) in said 
opening, and welding said frame member to 
said horizontal sections of said channeled 
member and said first and second face plates. 

23. A method of producing a honeycomb panel, 
comprising the steps of: 

preparing a bonded assembly wherein a 
honeycomb core (32) is interposed between 
and bonded to two face plates (28, 30); 

cutting said bonded assembly to form an 
opening (50) through a thickness of said bon- 
ded assembly; 

inserting inserts (36) in honeycomb cells 
(38) of said honeycomb core (32) which are 
open to said opening; and 

positioning a frame member (34) in said 
opening and welding said frame member to 
said two face plates and said inserts. 

24. A method of producing a honeycomb panel, 
comprising: 

preparing a bonded assembly wherein a 
honeycomb core (32) is interposed between 
and bonded to two face plates (28, 30); 

cutting said bonded assembly to form a 
preliminary hole (50) through a thickness of 
said bonded assembly; 

inserting inserts (36) in honeycomb cells 
(38) of said honeycomb core which are open 
to said preliminary hole (50); 

cutting said bonded assembly to form an 
opening (12) which is similar to and larger than 
said preliminary hole (50), so as to cut said 
inserts such that cut surfaces of said inserts 
are substantially aligned with cut surfaces of 
said face plates and said honeycomb core, as 
seen in a direction perpendicular to said direc- 
tion of thickens of said bonded assembly; and 

positioning a frame member (34) in said 
opening and welding said frame member to 
said face plates and said inserts. 

25. A method according to claim 23 or 24, wherein 



each of said inserts has a first portion held in 
close contact with an inner surface of a second 
portion of each of at least one of said two face 
plates, which second portion is adjacent to 
5 said opening, said frame member being weld- 

ed to said first and second portions of said 
each insert and said each face plate. 
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